Wireless video broadcast plays an important role in multimedia communication with the emergence of mobile video applications. However, conventional video broadcast designs suffer from a cliff effect due to separated source and channel encoding. The newly proposed SoftCast scheme employs a cross-layer design, whose reconstructed video quality is proportional to the channel condition. In this paper, we provide the performance evaluation and the parameter optimization of the SoftCast system. Optimization principles on parameter selection are suggested to obtain a better video quality, occupy less bandwidth and/or utilize lower complexity. In addition, we compare SoftCast with H.264 in the LTE EPA scenario. The simulation results show that SoftCast provides a better performance in the scalability to channel conditions and the robustness to packet losses.
INTRODUCTION
Wireless video broadcast is becoming increasingly important driven by the shift of users' video viewing habits from traditional TV to mobile devices. The multiple users in the wireless broadcast system have different channel characteristics, e.g., the channel quality, the bandwidth allocation, the ratio of packet loss, etc. The main challenge in wireless video broadcast is then how to satisfy all the users when they are interested in the same video.
Current video broadcast schemes, such as H.264 [1] , are based on separate source and channel coding. They exhibit a cliff effect [2, 3] in the peak signal to noise ratio (PSNR) which reflects the reconstructed video quality. When the channel quality is below a certain point, the PSNR drops dramatically since the pre-determined channel coding cannot protect the video from the errors. When the channel quality is above this critical point, the PSNR approximately keeps constant. This indicates that the distortion due to the lossy source coding cannot be recovered no matter how good the channel is. In a word, the users cannot obtain a video quality scalable to their channel conditions.
To combat the cliff effect, SoftCast was proposed in [4, 5, 6] as a cross-layer wireless video broadcast design. It compresses the video and protects it from errors and losses in a unified manner. One crucial property of SoftCast is that each transformation module is linear and a stream of real numbers instead of bits is transmitted. As a result of the linear encoding, the video quality of each receiver is proportional to its channel quality. Moreover, SoftCast uses two-dimension discrete cosine transform (2D-DCT) to realize intra frame compression and uses three-dimension (3D-DCT) to conduct inter frame compression. The DCT removes the spatial redundancy and the time redundancy to improve compression efficiency, and no motion estimation and motion compensation is needed. Based on these advantages, SoftCast attracts more and more attentions recently [7, 8, 9, 10] .
In this paper we provide the performance evaluation and the parameter optimization of the SoftCast wireless video broadcast system. In particular, we investigate the relationship between the video quality and three control parameters, chunk size, compression ratio and the group of pictures (GoP). We then analyze how to choose appropriate parameters to obtain a better video quality, occupy less bandwidth and/or utilize lower complexity. In the end, to provide a comprehensive performance evaluation, SoftCast is compared with H.264 in the LTE EPA scenario from different perspectives. The simulation results show that SoftCast provides better performance in the scalability to channel conditions, the robustness to packet losses, and so on.
The rest of the paper is organized as follows. Section 2 reviews the SoftCast scheme briefly. Section 3 analyzes the control parameters of the SoftCast and suggests the optimization principles. In Section 4, we evaluate the SoftCast's performance comparing with H.264 in the LTE EPA scenario. Section 5 concludes the paper. The framework of the SoftCast scheme is depicted in Fig.1 . At the sender, SoftCast first performs 2D/3D-DCT on the original image/video. Most DCT components are zeroes, and the non-zero DCT components are spatially clustered as illustrated in Fig.2 . In the chunk-dividing module, nearby DCT components are grouped into chunks. The energy is unequally distributed among the chunks, and the chunks with small energy can be discarded. The location information of the discarded chunks is broadcasted to the receivers. After chunk dividing, the DCT components of different chunks are scaled through a power allocation which computes the optimal power under a fixed power budget.
REVIEW OF SOFTCAST
The energy of the DCT components is redistricted in the Hadamard transformation which ensures that all the packets are equally important and the loss of each packet causes proportionate video distortion. The output of the Hadamard transformation is directly broadcasted into the channel. The above encoding process can be represented as
where X is the matrix composed of the DCT components in a GoP and Y is the output of the encoder. The matrix G is a diagonal matrix with the scaling factors from power allocation as the entries, and H is the Hadamard transformation matrix. We write C = HG as the encoding matrix for the ease of notation. Obviously, the output Y are real values instead of bits. SoftCast applies DCT instead of conventional quantization and entropy coding for the source coding, and abandons the channel coding for combating noises. In fact, the error protection of SoftCast is realized by the power allocation, and the resistence to packet loss is carried out by the Hadamard transformation.
The received signalŶ iŝ
where N denotes the white Gaussian noise. The linear least squared error (LLSE) decoder computes the estimation of the original DCT components as:
where the diagonal matrix Λx consists of the variances of individual chunks, and the diagonal matrix Σ is composed of the noise power experienced by the corresponding packet. Note that Λx is transmitted as the metadata from the encoder and known by the receiver. The decoded DCT components are reassembled into chunks, and the discarded chunks are regarded as zero-valued. In the end, the DCT components are transformed back to the spatial domain by the inverse discrete cosine transform (IDCT) to reconstruct the image or video.
OPTIMIZATION THROUGH THE CON-TROL PARAMETERS
In this section, we optimize the performance of SoftCast through tuning parameters, aiming at reducing complexity and saving resource occupation but meanwhile providing better video quality. Three control parameters, chunk size, compression ratio (CR) and GoP, are considered in the optimization.
Chunk Size
SoftCast groups nearby spatial DCT components into chunks. When a chunk is discarded, the decoder estimates all DCT components in that chunk as zeros, and the distortion from discarding a chunk is merely the sum of the squares of the DCT components of that chunk. Hence, for a fixed compression ratio, improving the resolution for dividing and discarding the energy can minimize the distortion due to the discarded chunks. On the other hand, a smaller chunk size brings in a higher complexity. An optimal tradeoff between the performance and the complexity is highly useful for the system optimization. Since different images/videos have various characteristics in the DCT, it is hard to give a generalized theoretical analysis on the optimal tradeoff. Therefore, in the following we try to find out this tradeoff through simulations. To purely study the effects of chunk size selection, we use images (i.e., GoP=1) instead of videos in the following simulations. Three different types of pictures, Lena, Peppers, and Goldhill (512×512 pixel, gray) are chosen as the test images for the performance evaluation. The compression ratio is set to be 0 (no compression) and 0.5, respectively. Six choices of chunk size (8×8, 16×16,32×32, 64×64, 128×128, 256×256) are employed in the simulations.
The performance evaluation for different chunk sizes are shown in Fig.3 . As expected, the performance degrades as the chunk size increases regardless of the compression ratio. The performance is improved significantly if the chunk size is changed from large to medium. However, if the chunk size is changed from medium to small, the improvement is not much. For example, for the case of CR=0.5, if the chunk size is changed from 256×256 to 32×32, the increase in PSNR is approximately 10dB for all the three images. When we further change the chunk size to 8×8, the increase in PSNR is less than 1dB. Similar results can be observed for the CR=0 case.
On the other hand, smaller chunk size brings in higher complexity due to the increase of dimension of the encoder matrix. A comparison of the computation complexity is included in Fig.3 as well. Although the increase in PSNR is trivial when the chunk size is changed form 32×32 to 8×8, the complexity increases dramatically for this change. By contrast, if the chunk size decreases from 256×256 to 32×32, the complexity remains almost the same but a significant gain in performance is observed.
From the above observations, we conclude that 32×32 is a cliff point of the chunk size which provides a good tradeoff between the performance and the complexity. To provide a subjective performance evaluation for different chunk sizes, Lena's reconstructed images are shown in Fig.4 . When the chunk size is 256×256, the recovered image has a certain degree of fuzzy. For the other two selections of chunk size, the subjective experience of image quality is similar, but the complexity of the size 32×32 is much smaller than that of the size 8×8. The subjective evaluation verifies the aforementioned conclusion on the optimal tradeoff between the performance and the complexity.
Compression Ratio
SoftCast uses the same method to compress information across space and time, which employs a DCT to transform the data to its frequency representation. As mentioned earlier, the compaction of their frequency representation contributes to the realization of compression. When the chunk size is determined, the compression is affected by the ratio of chunk discarding. We define the compression ratio as the proportion of the discarded chunks to the total number of chunks. A higher compression ratio usually means a larger amount of energy abandon.
The compression should be done as much as possible to save bandwidth occupation and reduce complexity without degrading the reconstructed image quality. In the following we study how the compression ratio affects the performance in terms of PSNR. We use the same test images: Lena, Peppers, and Goldhill. Two chunk sizes are selected: 8×8 and 64×64. The performance evaluation for different compression ratios is depicted in Fig.5 . We can see that the PSNR is linear to the compression ratio regardless of the chunk size. Smaller compression ratio gains better performance but requires more bandwidth occupation. In practice, the compression ratio can be tuned according to the bandwidth restriction. Once the compression ratio is determined, the smaller the chunk size is, the better the performance is, as shown in Fig.5 . In the following, we investigate the performance as a function of the channel SNR in Fig.6 . If there is no compression, the received PSNR is linear to the channel SNR. This feature benefits from the linear encoding of SoftCast. When the compression ratio is as high as 0.5 or even 0.75, i.e., only 1/2 or 1/4 chunks are reserved, the PSNR becomes slightly nonlinear in the high SNR region. For these cases, the energy abandoned in the chunk discarding is non-negligible, and it cannot be compensated by the channel.
Group of Pictures
The number of frames that the encoder compresses at one time is called GoP. In the following simulations, we take the first 128 frames of foreman, paris and highway as test videos. The chunk size and the compression ratio of the test videos are set to be 36×44 and 0.5 according to the above analysis and optimization. Fig.7 shows that the slope of the curve reduces as the GoP increases, which is due to the change of inter-frame correlation. When a sudden change occurs compared to the previous frames, PSNR may have a vibration. Within a certain range, the increase of GoP helps to further remove the redundancies between the frames and better video quality can be achieved. However, oversize GoP does not necessarily lead to better PSNR but definitely brings in higher complexity. The optimal selection of GoP is hard to decide in general because it closely depends on the characteristics of the video. We recommend using medium GoP, e.g., 10-20, in implementations. Performance optimization through tuning the GoP is unnecessary. 
Optimization Principles
Chunk size, compression ratio and GoP are the most important parameters of the SoftCast scheme. By choosing a proper chunk size, a tradeoff between the performance and the complexity can be achieved. Compression ratio can be used to balance the performance and the bandwidth occupation. A medium size of GoP is recommended, and it is not considered in the system optimization. The choice of the chunk size and the compression ratio is determined by the most crucial restriction in the system. If the complexity is the dominating factor, a relatively large chunk size should be selected, and a low compression ratio should be used to guarantee the performance. If the bandwidth restriction is dominating, the compression ratio should be tuned to satisfy the bandwidth requirement, and the performance can be improved by choosing small chunk size.
PERFORMANCE COMPARISON WITH
H.264 To comprehensively evaluate the performance, SoftCast is compared with H.264 in the LTE environment according to the framework shown in Fig.8 . Since the reconstructed video quality changes with the diversity of video, we take combination of the first 32 frames of akiyo, coast, flower, foreman and paris to create a 160-frame test video for a fair comparison. For H.264, the GoP structure is IPPPPPPP, and the reference frame of P frame is the previous frame. The search range of motion estimation is 32×32. Seven block sizes (4×4, 4×8, 8×4, 8×8, 8×16, 16×8, 16×16) are used in motion estimation, and the motion precision is 1/4 pixel. We adjust SoftCast's parameters to ensure that the two schemes have the same resource occupation.
At the sender, data produced by H.264 codec is packed into RTP packets of length 1200 bytes. Each RTP packet is added by a 24-bits cyclic redundancy check (CRC), encoded separately by FEC and QPSK modulation, and then transmitted over channels. In contrary, data produced by SoftCast coedc bypasses FEC and modulation. The packets of SoftCast and H.264 are transmitted separately over LTE EPA channels with the same statistical properties. The received H.264 packets are firstly demodulated and decoded. The decoder performs CRC for each RTP packet, and those error-free packets are forwarded to the H.264 decoder. The H.264 decoder is configured with the "motion copy" error concealment to tolerant a small percentage of erroneous RT-P packets, which improves the quality of the reconstructed video. For SoftCast, the packets are directly forwarded to the SoftCast decoder. The simulation results are given in Fig.9 . It is clear that H.264 suffers from a cliff effect. That is, when the channel SNR is below some critical point, the video quality degrades dramatically with the SNR since a large number of RTP packets are incorrect. In contrast, SoftCast's PSNR does not present a cliff but scales smoothly with the channel SNR. For all the SNR region, SoftCast clearly outperforms H.264 in terms of reconstructed video quality.
We also compare the resilience to packet loss of the two schemes in the same scenario. We set the channel SNR to be 15dB and allocate the packet losses uniformly at random with increasing probability from 0.01 to 0.1. The simulation results are provided in Fig.10 . In H.264, video quality drops sharply when the packet loss increases because the Huffman encoding and differential encoding bring dependencies between packets. In comparison, SoftCast's video quality degrades gently as the packet loss increases. The video quality is acceptable even at a packet loss rate as high as 10%. SoftCast's resilience to packet loss benefits from 3D-DCT, which makes the loss of a single packet distributed across the entire GoP. In addition, the Hadamard transformation makes the energy equally distributed among the packets so that the video quality drops linearly as the packet loss increases.
CONCLUSIONS
In this paper we have provided a comprehensive performance evaluation and parameter optimization on the SoftCast wireless video broadcast scheme. In particular, we have investigates how the performance is affected by the parameters: chunk size, compression ratio, and the group of pictures. Optimization principles on parameter selection have been provided to obtain a better video quality, occupy less bandwidth and/or utilize lower complexity. The optimized SoftCast is compared with H.264 in the LTE EPA scenario. The simulation results have shown that SoftCast clearly outperforms H.264 in terms of scalability to channel conditions and resistence to packet losses. However, there are some other questions we have to consider. H.264 and SoftCast both have DCT and IDCT, but the size of DCT in SoftCast is bigger than the DCT in H.264. The DCT of H.264 is used in block (block sizes are 4×4, 8×8, 16×16, i.e.), while the DCT of SoftCast is used in a frame or a GoP (frame sizes are 176×144, 352×288, 512×512, i.e.). SoftCast employs 3D-DCT to conduct inter frame compression, but its coding efficiency is relatively low. In addition, due to the lack of multiresolution characteristic for DCT operation, SoftCast has no spatial and temporal scalability.
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